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ABSTRACT 
One of the major goals of all compressor manufacturers is to design an
d build as efficient a 
compressor as possible. In a screw compressor it appears that the way the co
mpressor is cooled can 
have an effect on the compressor's efficiency. This paper presents experimen
tal data on three different 
screw compressor cooling methods: Liquid Refrigerant Injection Cooling
 System; Thermosyphon 
Cooling System; and an Oil Injection System. All tests were conducted on
 a hot gas bypass system 
using refrigerant R-22. The data taken shows that the Oil Injection System 
is slightly bener than the 
other two. These tests should be repeated with a higher oil flow rate and ammo
nia as the working fluid. 
INTRODUCTION 
One of the major goals of all compressor manufacturers is to build as effi
cient a compressor as 
possible. In screw compressors it appears that the method of cooling the oil
 can have an effect on the 
efficiency. This paper presents some experimental results of three oil cool
ing methods of a 250 ton 
screw compressor. The cooling methods were two conventional metho
ds: liquid injection and 
thermosyphon cooling, and one new approach; vaporize some of the oil and
 inject it into the suction 
side of the compressor (here after called oil injection system). All tests were 
produced using refrigerant 
R-22. A shon description of each method is given below: 
Liquid Refrigerant Injection Cooling System 
Liquid refrigerant from the receiver passes through a liquid feed metering val
ve and is injected into 
the compressor midway through the compression process. The inject
ed refrigerant cools the 
compressor, oil, and refrigerant. The pressure difference between the receive
r and the mid point of the 
compressor causes the liquid refrigerant to flow into the compressor. A disa
dvantage of this system is 
more power is needed to compress the extra injected refrigerant. An advantag
e of this system is one can 
control the discharge temperature of the compressor. 
Thermosyphon Cooling System 
An oil and refrigerant mixture leaves the compressor and enters the oil separ
ator. In the separator, 
the oil is separated from the refrigerant and is pumped into a heat exchanger. 
Liquid refrigerant from an 
elevated receiver is passed through the other side of the oil heat exchanger a
nd cools the oil. The heat 
transferred from the oil to the refrigerant causes the density of the refri
gerant to decrease. The 
difference in density between the refrigerant entering and leaving the heat ex
changer coupled with the 
gravity potential of the elevated receiver causes the refrigerant to naturall
y pump through the heat 
exchanger. The excess refrigerant vapor leaving the heat exchanger is conde
nsed in a condenser. The 
oil leaves the heat exchanger and is injected into the compressor to cool i
t. A disadvantage of the 
therrnosyphon is one can not regulate the discharge temperature of the compre
ssor. 
Oil Injection System 
Because of the high solubility of oil in fluorocarbon refrigerants, these re
frigerantS have posed 
problems for bulk oil-injections in screw compressors. As a result oil injectio
n is usu~ly ~njected after 
the compression begins. Thts method has been shown to be clearly supenor t
o bulk 011 t_nJecno~ at the 
compressor suction intake. In this study the majority of oil is still injected afte
r compressiOn begms, but 
110 
some oil is vaporized and injected at the suction s1de of the compressor. This method allows the oil ro readily mix with the refrigerant rhus cooling the refrigerant more effectively and may lead to a compression process which is close to the ideal constant temperature compression process. Because of the low values of the specific heat ratio for fluorocarbon refrigerants, this cooling system may be more advantageous for ammonia systems. 
TEST APPARATUS AND INSTRUMENTATION 
All tests were conducted on a hot gas bypass system. Figure 1 shows a schematic diagram of the test loop. A mixture of high pressure vapor refrigerant and .liquid oil leaves the discharge of the compressor and enters the oil separator. In the oil separator most of the oil is separated from the refrigerant. Depending on the oil cooling method, the oil is then pumped into the oil cooler or directly 1nto the compressor. If the oil enters the oil cooler, it is cooled by evaporation of liquid refrigerant and returned to the compressor for cooling purposes. 
The high pressure refrigerant gas leaves the oil separator and is divided into rwo paths. The majority of the refrigerant gas passes through expansion valve VI and enters the mixing tube as a low pressure vapor. Expansion valve VI is used to regulate the desired suction pressure and to regulate the fraction of the gas refrigerant that goes to the condenser. The remainder of the high pressure gas enters the condenser where it is condensed and goes tO the liquid receiver. 
The hquid refrigerant is used for two purposes: (!) to cool the oil in the oil cooler. and (2) to cool the low pressure refrigerant gas in the mixing tube. Valve V2 conrrols the amount of liquid entering the mixing tube and thus the suction temperature. 
ln the mixing tube, most of the liquid refrigerant evaporates and the low pressure/low temperature refrigerant gas enters the suction trap where any remaining liquid refrigerant is trapped. 
After the suction trap, the refrigerant passes through a flow measuring device. Calibrated orifice plate flow meters were used. Because of the large range in refrigerant flow rates, two different flow metering sections were required. The low pressure refrigerant gas leaves the flow meter and enters the suction side of the compressor. 
The test loop and oil cooling system were instrumented with 13 thermocouples, lO pressure transducers. the 2 flow meters discussed above. and 1 power meter. All measurement locations, except the power meter and ambient measuremem locations, are shown on Figure l. A microprocessor and controller furnished with the compressor collected additional data. This microprocessor recorded the following pressures: suction, manifold, discharge, and oil pressure; and temperatures: suction. discharge. and oil temperature. The microprocessor calculated and recorded the compressor's capacity and amperage draw. Figures 2, 3, and 4 show how the system was adapted to use each cooling system. 
TEST PROCEDURE AND DATA REDUCTION 
Each test lasted one half hour. Data were taken every minute. The total oil flow rate was set a 4 gallons per minute. This oil flow rate was recommended by the manufacturer but later was derennined to be too low. The oil temperature before injection into the compressor was set at 120 F. 
For each test. the volumetric efficiency, the isentropic efficiency, and the coefficient of performance (COP) were calculated. The volumetric efficiency is a measure of the fraction of the total compressor volume used. The volumetric efficiency is plotted as a function of the discharge to suction pressure ratio as shown in Figures 5 and 8. The isentropic efficiency is a ratio of the work of the compressor if it were done isentropically to the actual work. The isentropic efficiency is plotted as a function of the pressure difference between the discharge and suction pressures, see Figures 6 and 7. The coefficient of performance is a ratio of the potential useful cooling provided by the compressor to the work energy required by the compressor. It is also plotted as a function of the pressure difference in Figure 10. 
TEST RESULTS 
The first tests performed were those testing the oil injection system at various capacities and oil mjection rates. The discharge and suction pressures were set at 157 psig and 24 psig. The thermosyphon oil cooler was used to cool the oil. The rates of oil flow through the oil injection nozzles were .5. 1.0, 1.5. and 2.0 gallons per minute. The capacity of the compressor was set at 25%, 50%, and 100%. These results are plotted in Figures 5 through 7. Looking at the plots of the volumetric efficiency, coefficient of performance, and the isentropic efficiency; there are no obvious changes in the 
lll 
results when the oil injection flow rate is varied for a specified capacity, In each of the plots one can see 
that as the capacity increases, the efficiencies and the COP increases. The reason for the unexpected 
results may be that even at the lowest oil flow rate, there is a surplus of oil. During the present work, 
rime constraints did not allow funher investigation of the results. They should be studied funher. 
The remainder of the tests were performed to compare the thermosyphon oil cooling system, the 
liquid refrigerant injection system, and the oil injection system. An optimum oil flow rate was to be 
used for the oil injection system; however, since no optimum flow rate could be deduced, a flow rate of 
I gallons per minute was selected. As in the previous tests, the thermosyphon oil cooler was always 
used m conjunction with the oil injection system. Figure 8 shows the volumetric efficiency as a function 
of the pressure ratio, for each cooling system the volumetric efficiency of the compressor improves 
linearly as the pressure ratio decreases. It would appear that the oil injection system generally has the 
best volumetric efficiency, the thermosyphon the second best, the liquid injection system is third, 
Figure 9 shows the isentropic efficiency versus pressure difference, for each cooling system, they 
show that as the pressure difference decreases the isentropic efficiency increases per set discharge 
pressure. As the pressure difference decreases, the isentropic efficiency approaches some constant 
value, The thermosyphon and the oil injection system have values that are very close to one another, but 
the liquid injection system is lower. 
The COP versus pressure difference plot, Figure 10, shows that the COP increases linearly as the 
pressure difference decreases. At the discharge pressure of 198 psig, there are no observable differences 
between the cooling systems. At the discharge pressure of 157 psig, the thermosyphon system and the 
oil injection system have similar results; which are sightly better than those of the liquid injection 
system. 
These results are somewhat surprising. It can be theoretically shown that the most efficient 
compression is a constant temperature process. These results indicate that the oil injection system 
appears to give a compression process that is closer to a constant temperature than the others. It also 
appears that although the liquid injection system requires the compression of the injected refrigerant, the 
additional cooling compensates for the additional refrigerant needing to be compressed 
All of these tests were run at a low oil flow rate, Additional tests should be conducted a higher oil 
flow rate. 
CONCLUSIONS AND RECOMMENDATIONS 
Based on the results of the first tests, the oil injection flow rate had no appreciable affect on the 
volumetric efficiency, the isentropic efficiency, and the COP of the compressor. When compared 10 the 
thermosyphon cooling system, the tests results indicated that the oil injection system had a slighr 
improvement in the volumetric efficiency, the isentropic efficiency and the COP. 
The test results indicate that the thermosyphon cooling system is bener than the liquid injection 
system. However the improvement is small and could be due to test conditions, especially the low oil 
flow rate. In general, this data shows only slight differences in performance for all cooling systems. 
The manufacturer of the compressor first recommended an oil flow rate of 4 gallons per minute be used, 
but later, after the testing was completed, indicated that the flow rate should be 15 to 20 gallons per 
minute. Time "limitations dici not allow for additional testing The effect of oil flow rate should be 
studied. 






- Liquid Rel'rlgerant Flo• P.all:h 
---- Vapoc Rerrteerant Flow Path 
Oil Flow Path 
(!) Temperature Measurement Location 




[X}- - (h-_________ }vs 
Figure I Schematic Diagram of Test Loop. 
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Figure 5 Volumetric Efficiency as a Function of the % Oil Injection Rare Through the Oil Injection System. 
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Figure 6 lsenrropic Efficiency as a Function of the % Oil Injection Rare Through the Oil Injection Sys1em. 
117 
5.0 0 100% Capacity 
""' 
0 50% Capacity 
'""' 
--1.5 b. 25% Capacity 
--1.0 
~ 3.5 
- 3.0 :: 0 0 0 0 , . 
--~ - 0 0 0 2.0 0 






0 10 20 30 40 so 60 
% Oil Injected Through Oil Injection System 
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Figure 9 Isentropic Efficiency as a Function of the Discharge to Suction Pressure Ratio for the Oil 
Cooling Systems. 
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Figure 10 Coefficient of Performance as a Function of the Discharge ro Suction Pressure Ratio for the 
Oil Cooling Systems. 
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